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Abstract: (1) Background: The objective of this study was to evaluate the associations of sleep
quality, anxiety, and depression with cognitive performance, executive functions, and verbal fluency
among women aged ≥ 65 years; (2) Methods: A cross-sectional study was conducted on 241 women
(72.52 ± 3.93 years). Cognitive performance (Mini-Mental State Examination) and impairment
(Montreal Cognitive Assessment), verbal fluency (Isaacs test) and executive function (Trail Making
Test), Sleep quality (Pittsburgh Sleep quality Index) and anxiety and depression (Hospital Anxiety
and Depression Scale) were determined; (3) Results: The linear regression analysis indicated that
anxiety, depression and age, were related to lower Mini-Mental State Examination score (adjusted
R2 = 0.306), and age, anxiety and daytime dysfunction were linked to reduced Montreal Cognitive
Assessment score (adjusted R2 = 0.248). Age and daytime dysfunction were associated with worse
verbal fluency (adjusted R2 = 0.094). Finally, sleep latency, sleep disturbances, the Pittsburgh Sleep
quality Index total score were associated with longer times in TMT-A (adjusted R2 = 0.758) and TMT-B
(adjusted R2 = 0.508); (4) Conclusions: Sleep quality was associated with cognitive performance,
verbal fluency and executive functions. Besides, both anxiety and depression were related with
cognitive performance, while only anxiety was linked to executive functions. As for confounders,
age was associated with cognitive performance and verbal fluency.

Keywords: cognitive performance; verbal fluency; executive function; sleep quality; anxiety; depres-
sion; women

1. Introduction

Aging is a natural process that is part of people’s lives [1]. The world population is
getting older and older due to increased life expectancy and decreased fertility, and it is
estimated that, by the middle of the 21st century, the percentage of people over 60 years of
age will increase to 22% [1,2]. From the age of 60, the aging process, a series of biological,
psychological and social changes, begins to appear [3], which can generate functional
limitations in the quality of life of older adults, and this situation can be worsened in older
women due to menopause [4]. The menopausal stage constitutes a third of a woman’s
life [5], so it is essential to analyze the physical and psychological problems associated
with it and thus be able to improve their quality of life. Some of the most common
psychological problems in menopause are depression, described as the presence of an
emotional state of sadness that is linked to other alterations causing discomfort and changes
in the functionality of the person who suffers [6], and anxiety, that is defined as a feeling of
fear or fear that can affect cognitive, behavioral and/or somatosensory levels in people [7].
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Both occur because productivity, functional capacity and personal self-satisfaction are
diminished at this stage of life [8] and are associated with high comorbidity such as
cognitive problems, insomnia and physical dysfunction [9,10].

Another of the most frequent problems during menopause is the decrease in the
quality of sleep, since sleep is related to organic and psychological changes that occur
at this stage [11]. An association between the daily amount of sleep, the quality of sleep
and age has been demonstrated [12] and this may be due to attention and concentration
difficulties, psychological and social problems and also the multiple pathologies suffered
by these people [13]. In this period, postmenopausal women have more awakenings
throughout the night, wake up earlier and have fewer reveries in the REM phase [14],
which leads to an increase in naps and drowsiness during the day. Then they cause changes
in the circadian cycles [13], which causes women to be less emotionally active when
carrying out their daily activities, to become more tired and thus unable to concentrate and
maintain good attention [13,14].

As people age, people tend to suffer mild cognitive impairment, mainly memory,
attention, verbal fluency, and executive functions [15]. These cognitive problems are more
aggravated in postmenopausal women due to the reduction of androgens and estradiol,
which have a fundamental role in brain neuroprotection, since they collaborate in neuronal
growth, prevent its loss and are also synaptic transmitters [16,17]. These hormonal imbal-
ances also often affect the quality of sleep and bring with them emotional problems that
can affect cognitive performance [12]. Furthermore, 63% of dementia cases in the world
occur in women and are expected to increase due to life expectancy in women [18].

Based on the above, this study aims to analyze the associations of sleep quality, anxiety
and depression with cognitive function among community-dwelling older women. We
hypothesized that higher levels of anxiety and depression symptoms, as well as poorer
sleep quality, are independently associated with worse cognitive performance, executive
functions and verbal fluency.

2. Materials and Methods
2.1. Study Participants and Design

This is an observational cross-sectional study performed to analyze the associations
between cognitive function and anxiety, depression and sleep quality in older community-
dwelling Spanish women. From a total of 302 women, who were initially contacted,
241 participants were finally included in this study (Figure 1). All the participants were
recruited from several senior centers from the Eastern Andalusia region. Each woman
firmed an informed consent form before enrollment. This study was approved by the
Research Ethics Committee of the University of Jaén, Spain (SEPT.20/2./TES) and was
conducted in accordance with the Declaration of Helsinki, good clinical practices, and all
applicable laws and regulations. Inclusion criteria: women aged 65 years and over who
were able to understand the instructions, programs, and protocols of this study. Exclusion
criteria were: women diagnosed with any type of dementia (i.e., Alzheimer, dementia
with lewy bodies, or frontotemporal dementia) or other neuropsychiatric diseases, taking
sedatives or sleep medication or did not understand the items of the questionnaires.

2.2. Outcomes

Sociodemographic data, such as the age and number of years in the menopausal
status, education (primary or less/secondary or higher) and smoking habit (yes/no) were
collected by face-to-face interviews. Weight and height were assessed by a 100 g–130 kg
precision digital weight scale (Tefal) and an adult height scale (T201-T4 Asimed). Body
mass index (BMI) [19] was calculated by dividing the woman’s weight (kg) by her height
(m2). A BMI < 25 kg/m2 indicates normal weight, overweight when 25 ≤ BMI > 30 kg/m2,
and obesity when BMI ≥ 30 kg/m2.
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2.2.1. Anxiety and Depression

The level of anxiety and depression symptoms was assessed by the Hospital Anxiety
and Depression Scale (HADS) [20,21], a well-known instrument employed in the general
population. It consists of 14 items of which seven correspond to the anxiety subscale and
the other seven to the depression subscale. The scores of each one of the subscales range
from 0 to 21, where greater values represent more severe symptoms. A score of ≥11 has
been shown to detect cases of both anxiety and depression.

2.2.2. Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) [22,23] was used to evaluate sleep quality.
It consists of 19 items, as well as five more to be answered by bedmates or roommates
(these last five items are only used for clinical information). The PSQI provides a total
score and seven domain scores ranging from 0 to 3 points, where greater scores indicate
poorer sleep quality. These domains are: sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbances, use of sleep medication and daytime dysfunction. Total score
ranges from 0 to 21, and a score > 5 indicates poor sleep quality [24].

2.2.3. Cognitive Performance

Mini Mental State Examination (MMSE) was used to measure global cognitive func-
tion [25]. It is one of the most commonly used tests for the detection of serious cognitive
deficiencies, and examines the five areas of cognition: attention, orientation, calculation,
registration, language and memory. The maximum score is 30 points, and a higher score
indicates a better general cognition of the participant. The reference scores are: dementia:
9 to 12; deterioration: from 12 to 24; pathological suspicion: 24 or less; and normal: 27
or more.
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2.2.4. Cognitive Impairment

The Montreal Cognitive Assessment (MoCA) is a short test composed of 12 items that
assesses cognitive function through seven cognitive domains: visuospatial and executive
function (task B of tracing (1 point), copy of the cube (1 point) and clock drawing (3 points)),
denomination (3 points), attention (forward/towards behind), digit interval (2 points),
vigilance/tapping (1 point) and subtraction from series (3 points)), language (repetition
of sentences (2 points) and verbal fluency (1 point)), abstraction (the element 2-element
verbal abstraction, total of 2 points), delayed recall/short-term memory (5 points) and
orientation (6 points). The maximum MoCA total score is 30, and values ≥ 26 indicate
normal cognitive functioning [26].

2.2.5. Verbal Fluency

In order to measure verbal fluency, the Isaacs test was used. This test consists of the
participants reproducing the greatest number of words within a semantic category, such as
animals, fruits, cities and colors, for a total of 60s. In each of these categories, the maximum
score that can be obtained is 10 points, for a total of 40 points. A higher score indicates a
better level of verbal fluency [27].

2.2.6. Executive Functions

The Trail Making Test (TMT) was used for the evaluation of executive function and
specifically measures timed motor and visual tasks. This test is divided into two parts:
part A (TMT-A) in charge of evaluating psychomotor attention and speed and consists
of connecting consecutively numbered circles; and Part B (TMT-B), which is based on
connecting alternating circles of letters and numbers and measures executive function [28].
A longer time spent in completing the test was interpreted as a poorer performance.

2.3. Sample Size Calculation

For sample size calculation, and according to the recommendations by Concato et al. [29],
at least 20 subjects per event are required in the multivariate linear regression model. In
this study, eleven events were used: depression and anxiety scores, PSQI total score and
its seven PSQI domains, as well as age. Therefore, 220 participants were required for this
analysis. The final number of participants was 241.

2.4. Data Analysis

Continuous and categorical variables were summarized as means and standard devia-
tions, and frequencies and percentages, respectively. Normality of the data was assessed by
the Kolmogorov–Smirnov test. A bivariate and partial correlation analysis and a Student
t test were performed to evaluate the possible individual associations of anxiety, depression
and sleep quality (independent variables) and possible confounders (age, education and
smoking habit) with cognitive performance and impairment, verbal fluency and executive
function (dependent variables). Then, a multivariate linear regression model, as well as
a stepwise method for introducing variables into the model, were used to determine the
independent associations. Cognitive performance and impairment, verbal fluency and
executive function were individually introduced as dependent variables in separate models.
Only those independent variables and possible confounders which showed significant
individual associations (p < 0.05) were included in the multivariate linear regression. In
order to assess the effect size coefficient of multiple determinations in the linear models,
adjusted- R2 was obtained. Values < 0.02 can be considered as insignificant and small when
0.02–0.15, medium when 0.15–0.35, and large when >0.35 [30]. A 95% confidence level was
used (p < 0.05). Data management and analysis were performed using the SPSS statistical
package version 20 for the social sciences for Windows (SPSS Inc., Chicago, IL, USA).
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3. Results

The characteristics of the participants of this study are displayed in Table 1. A total of
241 women (72.52 ± 3.93 years) finally took part in this study, 19.92% received secondary
or university education and most of the women were retired (82.16%). The mean BMI
indicated overweight, (28.49 kg/m2), the mean scores for HADS depression and anxiety
were 8.83 ± 5.07 and 9.73 ± 6.46, respectively, while the PSQI total score was 6.17 ± 5.00,
which indicates poor sleep quality. Mean scores in the MMSE (27.96 ± 2.26) and the MoCA
(27.26 ± 2.34) test indicated normality.

Table 1. Descriptive data of the participants (n = 241).

Characteristics Values

Mean SD

Age (years) 72.52 3.93

Time since menopause (years) 23.09 6.59

Frequency Percentage

Education Primary or less 193 80.08

Secondary or superior 48 19.92

Ocupational status Retired 198 82.16

Worker 8 3.32

unemployed 35 14.52

Mean SD

BMI 28.49 2.40

Anxiety (HADS) 9.73 6.46

Depression (HADS) 8.83 5.07

PSQI Sleep quality 0.72 0,86

Sleep latency 0.80 1.15

Sleep duration 0.71 0.86

Sleep efficiency 0.41 0.65

Sleep disturbances 1.19 0.44

Use of sleeping
medication 1.04 1.18

Daytime dysfunction 1.30 0.98

Total score 6.17 5.00

MMSE 27.96 2.26

MoCA 27.26 2.34

Isaacs test 36.93 3.29

TMT-A (s) 87.33 43.28

TMT-B (s) 173.34 79.35
BMI: Body Mass Index. HADS: Hospital Anxiety and Depression Scale. MMSE: Mini Mental State Examination.
MoCA: Montreal Cognitive Assessment. PSQI: Pittsburgh Sleep Quality Index. TMT-A: Trail Making Test—Part
A. TMT-B: Trail Making Test—Part B.

The analysis of the individual associations showed that higher values of anxiety and
depression, as well as well as poorer sleep quality in all the PSQI domains and the total
score, were significantly related with worse scores in the MMSE [all p < 0.001, except for
sleep latency (p = 0.003), sleep efficiency (p = 0.002), sleep disturbances (p = 0.028) and
use of sleeping medication (p = 0.006)], MoCA (all p < 0.001, except for sleep disturbances
(p = 0.002) and use of sleeping medication (p = 0.001), TMT-A (all p < 0.001) and TMT-B
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(all p < 0.001). The Isaacs test was associated with HADS depression (p < 0.001), sleep
quality (p = 0.007), sleep latency (p = 0.043), use of sleeping medication (p = 0.007), daytime
dysfunction (p < 0.001) and PSQI total score (p = 0.001), and the PSQI domains “sleep
efficiency” and “sleep disturbances”. The analysis of the individual associations with the
possible confounders showed that only higher age (Table 2) was related with poor results
in MMSE (p = 0.001), MoCA (p < 0.001), and the Isaacs test (p = 0.019) scores. A partial
correlation analysis controlled for age was performed (Table 3), and all the correlations
remained except for those between sleep latency and verbal fluency, and between sleep
disturbances and the MMSE score.

Table 2. Pearson’s correlations between cognitive outcomes and anxiety, depression, sleep quality and possible confounders.

Variable MMSE MoCA Isaacs Test TMT-A TMT-B

HADS Anxiety
r −0.41 −0.35 −0.10 0.24 0.26

p-value <0.001 <0.001 0.130 <0.001 <0.001

HADS depression r −0.40 −0.34 −0.23 0.36 0.28

p-value <0.001 <0.001 <0.001 <0.001 <0.001

PSQI Sleep quality
r −0.25 −0.26 −0.17 0.68 0.52

p-value <0.001 <0.001 0.007 <0.001 <0.001

Sleep latency
r −0.19 −0.24 −0.13 0.83 0.68

p-value 0.003 <0.001 0.043 <0.001 <0.001

Sleep duration
r −0.25 −0.27 −0.18 0.68 0.54

p-value <0.001 <0.001 0.005 <0.001 <0.001

Sleep efficiency
r −0.20 −0.26 −0.19 0.58 0.43

p-value 0.002 <0.001 0.068 <0.001 <0.001

Sleep disturbances
r −0.14 −0.20 −0.09 0.68 0.57

p-value 0.028 0.002 0.148 <0.001 <0.001

Use of sleeping medication
r −0.18 −0.21 −0.18 0.78 0.63

p-value 0.006 0.001 0.007 <0.001 <0.001

Daytime dysfunction
r −0.40 −0.37 −0.29 0.58 0.46

p-value <0.001 <0.001 <0.001 <0.001 <0.001

Total score
r −0.29 −0.32 −0.21 0.86 0.68

p-value <0.001 <0.001 0.001 <0.001 <0.001

Age
r −0.21 −0.24 −0.15 0.11 0.10

p-value 0.001 <0.001 0.019 0.083 0.132

BMI
r −0.11 −0.06 −0.05 −0.02 0.02

p-value 0.102 0.353 0.407 0.725 0.793

Years since menopause onset
r −0.04 −0.00 −0.03 0.03 0.01

p-value 0.522 0.955 0.664 0.645 0.885

Minutes of exercise/day
r −0.01 0.03 −0.03 −0.07 −0.01

p-value 0.831 0.597 0.621 0.263 0.903

BMI: Body Mass Index. HADS: Hospital Anxiety and Depression Scale. MMSE: Mini Mental State Examination. MoCA: Montreal Cognitive
Assessment. PSQI: Pittsburgh Sleep Quality Index. TMT-A: Trail Making Test—Part A. TMT-B: Trail Making Test—Part B.
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Table 3. Partial correlations between cognitive outcomes and anxiety, depression, sleep quality controlled for age.

Variable MMSE MoCA Isaacs Test TMT-A TMT-B

HADS Anxiety
r −0.40 −0.34 −0.09 0.23 0.26

p-value <0.001 <0.001 0.172 <0.001 <0.001

HADS depression
r −0.39 −0.33 −0.22 0.36 0.28

p-value <0.001 <0.001 <0.001 <0.001 <0.001

PSQI Sleep quality
r −0.23 −0.24 −0.16 0.67 0.52

p-value <0.001 <0.001 0.016 <0.001 <0.001

Sleep latency
r −0.18 −0.23 −0.12 0.82 0.68

p-value 0.005 <0.001 0.063 <0.001 <0.001

Sleep duration
r −0.23 −0.25 −0.16 0.68 0.53

p-value <0.001 <0.001 0.012 <0.001 <0.001

Sleep efficiency
r −0.18 −0.24 −0.10 0.56 0.42

p-value 0.005 <0.001 0.119 <0.001 <0.001

Sleep disturbances
r −0.12 −0.18 −0.08 0.68 0.56

p-value 0.063 0.005 0.232 <0.001 <0.001

Use of sleeping medication
r −0.16 −0.18 −0.16 0.77 0.63

p-value 0.016 0.006 0.015 <0.001 <0.001

Daytime dysfunction
r −0.39 −0.36 −0.28 0.58 0.45

p-value <0.001 <0.001 <0.001 <0.001 <0.001

Total score
r −0.27 −0.30 −0.20 0.85 0.68

p-value <0.001 <0.001 0.002 <0.001 <0.001

HADS: Hospital Anxiety and Depression Scale. MMSE: Mini Mental State Examination. MoCA: Montreal Cognitive Assessment. PSQI:
Pittsburgh Sleep Quality Index. TMT-A: Trail Making Test—Part A. TMT-B: Trail Making Test—Part B.

No significant results were observed regarding the education level or smoking habit
(Table 4).

Table 4. Individual differences regarding smoking habit and education.

Variable Smokers Education

No (n = 213) Yes (n = 28) Primary or less (n = 193) Secondary or higher (n = 48)

Mean DT Mean DT p-value Mean DT Mean DT p-value

MMSE 27.94 2.28 28.11 2.11 0.712 27.87 2.33 28.33 1.93 0.200

MoCA 27.27 2.38 27.21 2.08 0.910 27.21 2.37 27.46 2.26 0.517

Isaacs test 36.99 3.26 36.50 3.57 0.464 36.82 3.36 37.35 3.02 0.319

TMT-A 87.49 44.05 86.11 37.53 0.874 88.16 42.50 84.00 46.59 0.552

TMT-B 172.95 79.05 176.36 83.08 0.831 175.64 78.99 164.13 80.98 0.369

MMSE: Mini Mental State Examination. MoCA: Montreal Cognitive Assessment. TMT-A: Trail Making Test—Part A. TMT-B: Trail Making
Test—Part B.

The independent associations between the cognitive capacities of the participants and
sleep quality, anxiety and depression are displayed in Table 5. Elevated age and poor sleep
quality regarding daytime dysfunction were independently associated with lower scores in
the Isaacs test (worse verbal fluency), although size effect was small (adjusted R2 = 0.094).
As for cognitive function, both elevated levels of anxiety and depression, as well as higher
age, were independently related to lower MMSE scores and thus worse global cognitive
function. The adjusted R2 was 0.306, which indicates a medium size effect. On the other
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hand, older age, higher anxiety levels and poor sleep quality due to daytime dysfunction
were independently associated with a greater risk of developing mild cognitive impairment
with a medium size effect (adjusted R2 = 0.248). Finally, as for executive function, worse
sleep quality, represented by the PSQI domains sleep latency and sleep disturbances, as
well as the total score, were independently associated with longer completion times in
both TMT-A and TMT-B, which was also linked to more severe levels of anxiety symptoms.
The effect sizes were large, with adjusted R2 values of 0.758 and 0.508 for TMT-A and
TMT-B, respectively.

Table 5. Multivariate linear regression analyses.

Variable B Beta t 95% CI p-Value

MMSE HADS anxiety −0.13 −0.36 −6.62 −0.16 −0.09 <0.001

HADS depression −0.15 −0.34 −6.28 −0.20 −0.10 <0.001

Age −0.09 −0.16 −2.90 −0.15 −0.03 0.004

MoCA Daytime dysfunction −0.74 −0.31 −5.45 −1.01 −0.48 <0.001

HADS anxiety −0.10 −0.29 −5.07 −0.15 −0.06 <0.001

Age −0.11 −0.19 −3.28 −0.18 −0.04 0.001

Isaacs test Daytime dysfunction −0.95 −0.28 −4.55 −1.36 −0.54 <0.000

Age −0.10 −0.12 −2.00 −0.21 0.00 0.047

TMT-A PSQI total score 4.38 0.50 7.11 3.16 5.59 <0.001

Sleep latency 10.75 0.29 4.14 5.63 15.87 <0.001

Sleep disturbances 13.44 0.14 3.06 4.79 22.09 0.002

TMT-B PSQI total score 4.75 0.30 2.93 1.55 7.94 0.004

Sleep latency 20.68 0.30 3.03 7.24 34.12 0.003

HADS anxiety 1.33 0.11 2.32 0.20 2.46 0.021

Sleep disturbances 25.27 0.14 2.19 2.58 47.97 0.029

B: unstandardized coefficient. Beta: standardized coefficient. CI: confidence interval. HADS: Hospital Anxiety and Depression Scale.
MMSE: Mini Mental State Examination. MoCA: Montreal Cognitive Assessment. PSQI: Pittsburgh Sleep Quality Index. TMT-A: Trail
Making Test—Part A. TMT-B: Trail Making Test—Part B.

4. Discussion

The aim of this study was to evaluate the associations of sleep quality, anxiety, and
depression with cognitive performance, executive functions, and verbal fluency among
women aged 65 years and over. Our findings showed that poorer sleep quality was associ-
ated with worse cognitive performance and verbal fluency (PSQI daytime dysfunctions
domain), and executive functions (PSQI total score, sleep latency domains, sleep disorders).
Besides, both higher levels of anxiety and depression were associated with poor cognitive
performance while only anxiety was linked to decreased executive functions. As for the
possible confounders, age was associated with cognitive performance and verbal fluency.

Sleep problems have been shown to be associated with adverse physical and psy-
chological health implications such as mood problems, physical and mental distress, and
poor physical performance and activity limitations [31,32]. With regard to cognitive perfor-
mance, previous studies have studied its association with sleep problems. Nebes et al. [33]
indicated that deterioration in the normal structure of sleep in older adults can negatively
affect cognitive performance, and the North Manhattan Study (NOMAS) have reported
that long sleep duration is associated with poorer cognitive performance evaluated with
the Mini-Mental State Examination among elderly community-dwelling adults [34]. This
association may be due to the potential mechanism known as lack of recovery or restoration,
since during sleep the rate of anabolism is at its peak and restoration occurs both in the
central nervous system and throughout the body [35], so the interruption of sleep can affect



Healthcare 2021, 9, 1599 9 of 12

this process. The results of the present study did not show independent associations of
poor sleep quality and MMSE scores, which may be partly explained by the fact that the
mean score and most of the participants (74.9%) were situated in the normal range. On the
other hand, and regarding verbal fluency, a study has shown that sleep loss can affect the
performance of this cognitive ability [36]. Similarly, the study by Ashley et al. [37] showed
that specific components of sleep quality such as daytime dysfunction are associated with
verbal fluency, but in female breast cancer survivors up to 10 years after chemotherapy.
Our findings are in accordance with that and suggested that poor sleep quality related to
daytime dysfunction was an independent predictor of greater cognitive impairment in
community-dwelling older women.

Executive function is very important for public health, since it is a key factor for
everyday functioning and preserving autonomy [38]. Adequate sleep with an optimal
duration facilitates executive functions [39], but it has been suggested that sleep disturbance
or sleep quality could be more important than sleeping time for executive function [38].
In this study, a relationship was found between sleep latency, sleep disturbances and the
total score of the PSQI questionnaire with poor executive functions. To our knowledge,
the association between the previously mentioned domains of the PSQI questionnaire and
executive functions have not been reported to date. Lambiase et al. [38] observed that
sleep efficiency measured by actigraphy was associated with executive function in older
women, and a cross-sectional study with Spanish older people described an association
between sleep duration with a decrease in cognitive functioning domains such as memory
and executive function [40].

The risk of suffering anxiety and depression, two of the most commonly reported
health-related problems in middle-aged women, increases after menopause onset [41].
Our findings showed that those women who had higher levels of anxiety and depression
showed worse cognitive performance, as assessed with the MoCA and the MMSE tests,
respectively. Menopause-related estrogen decline also increases the risk of cognitive
impairment [42]. This finding is in agreement with those of Lindgren et al. [43], who found
associations between affective symptoms and poorer cognitive performance, but unlike in
our study, the correlations did not reach statistical significance. Similarly, previous studies
have shown the association between anxiety and depression with cognitive performance
in the general population [44,45], with some pathology such as Parkinson’s [46]. This may
be because the association between cognitive performance and anxiety is shaped like an
inverted U, so that higher cognitive performance is associated with intermediate levels of
anxiety [47].

There is no consensus regarding the possible relationship between anxiety and depres-
sion with executive functions, which are the cognitive abilities that regulate behavior and
encompass a series of cognitive elements such as working memory, cognitive flexibility
or inhibition [48]. Associations between depression and executive function have been de-
scribed, but in the general population [49,50], and Bunce et al. [51] did not find significant
associations between anxiety and executive functions; however, they did demonstrate an
association with depression. On the other hand, deficits in some components of executive
function are frequently reported in adults with anxiety disorders [52]. Although the results
of this study initially revealed individual associations of both greater anxiety and depres-
sive symptoms with a longer time in the TMT-A and TMT-B tests, only anxiety remained
related to the TMT-B in the linear regression analysis., while poor sleep quality outcomes
remained as independent predictors with regard to the TMT-A.

This study has a number of limitations to be acknowledged. The cross-sectional de-
sign of the study does not allow causal relationships to be inferred. Although the PSQI
questionnaire has been validated and used worldwide to assess sleep quality, objective
measurement tools, such as accelerometry or polysomnography, were not used. Infor-
mation on comorbidities (such as chronic illness or cancer), family relations, educational
or economic status have not been included in the regression model. Finally, this study
was carried out among women older than 65 years from a specific geographical area and
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any generalization of the findings should be limited to people with similar characteristics.
Future studies should be performed on a more diverse target population that includes both
men and women of different age groups, including other possible confounders, and using
a prospective design and objective measures to assess sleep quality.

5. Conclusions

Among community-dwelling women aged 65 and over, and after considering possible
confounders, sleep latency, sleep disturbances, and the total PSQI score were linked to
decreased cognitive ability and executive function. On the other hand, poorer sleep quality,
manifested as daytime dysfunction, was associated with worse cognitive performance and
verbal fluency. Finally, higher levels of anxiety were related to lower executive functions
and cognitive performance, while depression was only associated with the latter. Among
the possible confounders, only age was found to be associated with cognitive performance
and verbal fluency, and this should be considered when interpreting the results of the
present study. Therefore, sleep quality, anxiety and depression should be taken into account
in the management and prevention of cognitive function decline in community-dwelling
women aged 65 years and over.
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